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Understanding the Effect of Ionic Liquid on the Folding and Conformation
of Small Model Peptides
Jia Lin Huang, Karson Schmidt, Leigh Murray, Michael E. Noss,
Michelle R. Bunagan.
Recent studies have shown that ionic liquids exhibit unusual but useful sol-
vating properties. With regards to proteins, ionic liquids have emerged as
a popular solvent for protein storage, as ionic liquids have been shown to sta-
bilize the folded protein conformation when present as an additive, a co-sol-
vent, or the primary solvent. As the overall mechanism of stabilization is not
yet fully understood, we have sought to study the effect of neat ionic liquid
1-butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl) imide on small
model peptides. Circular dichroism and fluorescence spectroscopy of these
peptides in ionic liquid indicate that helical peptides are significantly stabi-
lized, whereas beta-hairpin peptides are destabilized by the ionic liquid sol-
vent. In order to better understand the temperature-dependent conformational
dynamics of helical peptides in 1-butyl-1-methylpyrrolidinium bis(trifluoro-
methylsulfonyl) imide, we have also used Fluorescence Resonance Energy
Transfer, to probe the end-to-end distance of a small helical peptide,
AKA2, in the ionic liquid. These results show that the increase in helicity
with increasing temperature occurs concomitantly with an increase in peptide
length. These results suggest the formation of low-temperature aggregates
which dissolve upon heating to yield a highly stable helical structure at
high temperature. These results have implication for the proper usage of ionic
liquids for biomolecule storage.
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Molecular Mechanism of Ab Amyloid Inhibition by Inositol
Grace Li, Re´gis Pome`s.
Alzheimer’s disease (AD) is a severe neurodegenerative disease with no cure.
Currently, one method of targeting the underlying disease is to prevent or re-
verse the amyloid formation of Ab42, a key pathological hallmark of AD. A
novel small-molecule drug candidate, scyllo-inositol, is a polyol that exhibits
stereochemistry dependent inhibition of the formation of Ab fibrils in vitro.
Furthermore, recently completed phase II clinical trials demonstrated that
scyllo-inositol achieved target drug levels in the cerebral spinal fluid (CSF)
of Alzheimer’s patients, a main challenge for AD drug candidates to overcome.
Despite scyllo-inositol’s promise as a therapeutic for AD, its mechanism of ac-
tion at the molecular level is currently not understood. We perform microsec-
ond-timescale atomistic molecular dynamics simulations of the full length
Ab42 protofibril in explicit solvent, successively with and without scyllo-ino-
sitol and its inactive stereoisomer chiro-inositol. From our simulations, we pre-
dict binding affinities and characterize the binding modes of inositol and their
stereochemistry-dependent effect on the structure of Ab42 protofibrils. Our re-
sults provide molecular insight for the rational design of small-molecule inhib-
itors of Ab42 and other amyloid-based diseases.1158-Pos Board B68
Protein Mimetic Materials from the Self Assembly of Bioinspired Poly-
mers at the Air Water Interface
Ronald Zuckermann.
Peptoids are a class of non-natural biopolymer based on an N-substituted glycine
backbone that are ideally suited for protein mimetic research. This bio-inspired
material has many unique properties that bridge the gap between proteins and
bulk polymers. Like proteins, they are a sequence-specific heteropolymer, capable
of folding into specific shapes and exhibiting potent biological activities; and like
bulk polymers they are chemically and biologically stable and relatively cheap to
make.Peptoids are efficiently assembled via automated solid-phase synthesis from
hundreds of chemically diverse building blocks allowing the rapid generation of
huge combinatorial libraries. This provides an ideal platform to discover nano-
structured materials capable of protein-like structure and function. We have de-
signed a series of amphiphilic peptoid 36mers of specific sequence that self
assemble into extremely thin (3 nm) crystalline sheets in aqueous solution. A
key intermediate in their formation is an ordered monolayer at the air-water inter-
face. These peptoid nano-
sheets are one of the thinnest
two-dimensional organic
crystalline materials known.
Because of their atomically
defined polar surface, the
nanosheets serve as an excel-
lent platform to design chem/
bio sensors capable of spe-
cific molecular recognition.1159-Pos Board B69
Origins for the Thermostability of Taq DNA Polymerase: Entropy Versus
Heat Capacity
Chin-Chi Liu, Vince J. LiCata.
The thermal stability of Taq DNA polymerase is well known, and is the basis
for its use in PCR. The free energy versus temperature stability curves of the
large fragment domains of Taq (Klentaq) and E. coli (Klenow) DNA polymer-
ases have been compared, and by utilizing the DG and DCp information ob-
tained from the stability curves, the DH and TDS of folding of each protein
as a function of temperature can be calculated directly from the Gibbs-Helm-
holtz equation. This analysis reveals that Klentaq’s extreme stability originates
from a significantly decreased entropic folding penalty (TDS of folding). In
contrast, Klentaq’s native state enthalpic stabilization (DH of folding) is actu-
ally considerably less favorable than Klenow’s at all temperatures. We have
also examined published data on 17 other mesophilic-thermophilic protein
pairs using the same approach to calculate DH and TDS as a function of tem-
perature from the stability curves. There are 6 other data sets (7 total including
Klenow/Klentaq) with the same thermodynamic pattern, where a reduced en-
tropic penalty is the primary basis for thermostabilization. In contrast, 8 of
the 18 total data sets exhibit a highly popularized thermodynamic pattern where
a significantly reduced DCp of folding is correlated with the enhanced stability
of the thermophile. DCp has been correlated with changes in accessible surface
area during protein folding, so a reduced DCp of folding for a thermophilic pro-
tein has been suggested to reflect a more compact denatured state of the ther-
mophilic protein, although direct empirical evidence of this is still lacking
for any mesophilic-thermophilic protein pair. It is notable that there is minimal
overlap between the 8 systems exhibiting a lowered DCp of folding and the 7
systems showing a lowered entropic folding penalty.
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Hydration of Zwitterionic Glycine Betaine and Analogues ThroughMolec-
ular Simulation
Andrew D. White, Shaoyi Jiang.
We use molecular dynamics simulation to characterize the hydration of 3 mol-
ecules important to protein stability: zwitterionic glycine, zwitterionic N,N-di-
methylglycine, N,N,N-trimethylglycine (glycine betaine). Both structuring and
dynamics of bulk and bound water were examined using a variety of properties
and at multiple concentrations. Metrics such as radial distribution functions and
residence times were used to characterize hydration. Also, we used more spe-
cialized metrics that can discriminate between subtle differences in hydration
such as condensed phase order parameters, Voronoi tessellations, and multidi-
mensional pair-pair correlation functions. Trimethylglycine was found to have
auniquehydration shell that extendsacross the entiremolecule andhas no specific
interactions between solute molecules. Glycine was found to aggregate and have
a more disjoint hydration shell. Lastly, trimethylglycine is disperse in solution
even at very high concentrations and water rapidly moves between trimethylgly-
cine amine groups. The differences in hydration structure between the three zwit-
terions can be seen in Figure 1, which shows the radial distribution function
between the amine andwaters. This work hasmeaningful implications for protein
stability where
trimethylglycine
is known to pre-
vent protein ag-
gregation and
interfaces where
trimethylglycine
prevents protein
adsorption.
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Flow and Stop Protocol for the Long-Time Observation of Fluorescence
from Free Single Molecules: Application to the Time-Series Analysis of
Protein Folding
Kiyoto Kamagata, Akinori Baba, Tamiki Komatsuzaki, Satoshi Takahashi.
A new method was developed to detect fluorescence intensity signals quantita-
tively from single molecules diffusing freely in a capillary flow cell. A unique
optical system based on a spherical mirror was designed so that it enables us to
detect the fluorescence intensity quantitatively irrespective of the location of
molecules in the capillary. In addition, the ‘‘flow and stop’’ control of the sam-
ple in the capillary can observe free single molecules for about several seconds,
which is more than 1000 times longer than the observation time of a typical
confocal method. Here, the method was applied to observe time series traces
of the denatured state of iso1-cytochrome c labeled with a fluorescent dye.
The analysis of the single-molecule traces based on the concept of local equi-
librium state (LES) demonstrated that a large fraction of the traces was assigned
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local equilibrium). Furthermore, a significant fraction of the traces shows the
transitions among the LES and the non-LESs. The fraction of the traces show-
ing the transitions among the LES and the non-LESs in cytochrome c is larger
than that of the traces of dye only. The difference can therefore be interpreted to
arise from not the intensity fluctuation of the dye but the dynamics intrinsic to
the protein. The long-time observation of a free single molecule is expected to
reveal slow dynamic property of biological molecules, which could not be re-
solved by the other conventional methods.
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Time-Resolved Circular Dichroism Study of Protein Conformational
Changes
Mai Thu Khuc, Lucille Mendonc¸a, Franc¸ois Hache.
Circular dichroism (CD) is known to be a very sensitive probe of protein con-
formation, in particular in the far UV where characteristics signatures of sec-
ondary structures exist. We have developed new techniques aiming to
measure CD in a pump-probe experiment and applied them to the study of
the dynamics of conformational changes in proteins. Two techniques were im-
plemented, either a straightforward probe polarization modulation technique or
a more sophisticated pump-induced ellipticity measurement. Thorough study of
the ultrafast dynamics following photodissociation of carboxy-myoglobin will
be presented. Experiments in the visible (Soret band) as well as in the far-UV
(helix band) display a strong transient CD feature. Thanks to a classical coupled
oscillator calculation, we show that this signal comes from a distortion of the
proximal histidine following the heme doming which relaxes on a 100 psec
timescale. We have also introduced this transient CD technique in a T-jump ex-
periment in a poly(glutamic acid) sample. A 6C T-jump is obtained by directly
exciting the water at 1.5 mm with a nanosecond pulse generated by a Nd:YAG
pumped OPO. CD is measured at 225 nm on a microsecond timescale with a 12
ns time resolution. At pH 4.8, we observe a decrease of the CD signal with a 0.8
ms time constant that we assign to the dynamics of the alpha helix denaturation.
This technique is expected to complement other time-resolved techniques
based on IR absorption or fluorescence transfer with the advantage of being
more straightforwardly quantitative in terms of protein helicity.
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Prediction of the Bio-Physical Chrateristics of Beta-Amyloid Mixture
Based on Amino Acid Sequence
Hyobong Hong, Kibong Song, Chae Cheol Joo.
Amyloid beta (Ab) is the ~4-k Da peptide originated from amyloid precursor
protein (APP) by three different type of the secretases (a , b ,l). Among
them, two b and l secretases are known to involve the production of the
40 residues (Ab 40) and 42 residues (Ab42). Ab 40 and Ab42 are main con-
stituent of plaques found in Alzheimer’s disease (AD). The shorted one
Ab 40 is found mainly in cerebrovascular amyloid. Ab42 is the major compo-
nents in amyloid plaques core deposits and more neuro toxicity. The first 16
residues of Ab 40 and Ab42 are largely hydrophobic and the rest of them are
very hydrophobic. The most abundant Ab 40 and Ab42 in a ratio are about
10:1. Although there are the small differences between two peptides, they
show the significantly different biochemical characteristics. A lot of studies
have suggested that the soluble oligomeric intermediates are more prone to
be a cause of AD than insoluble fibrils including spherical particles and cur-
vilinear structures called ‘‘protofibrils’’ . In addition to these interesting
chemical characteristics and pathogenecity of Ab, the relationship between
the structure and composition ratio of Ab and the occurrence of AD is
also intensively studied. However, most of them are mainly focused on the
one type of Ab such as Ab 40 or Ab42. In this study, we predicted the basic
characteristic of Ab mixture employing the computational chemistry and
binding affinities of the small organic molecules including the very short pep-
tides. The results from the calculation indicated that the change of the com-
position ratio of the Ab caused the significant change at the characteristics
and binding affinities.
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Ion Pairs in the Hydrophobic Interior of a Protein: How Do Proteins Dis-
solve Salt in Oil?
Aaron Robinson, Carlos Castaneda, Jamie Schlessman, Bertrand Garcia-
Moreno.
Internal ionizable groups in proteins are essential for many important biochem-
ical processes. Despite their importance, their properties are poorly understood.
Buried pairs of acidic and basic residues are an especially important functional
motif in proteins that perform energy transduction. These pairs are assumed to
be charged, but this is usually not known. If proteins behaved as a material with
a dielectric constant of 2 to 4, as assumed in most continuum electrostaticsmodels, it would be impossible to bury an ion pair in the interior of a protein
(i.e. the groups would be buried as a neutral pair). To examine this aspect
of dielectric properties of proteins experimentally we engineered a Glu-Lys
pair in a hydrophobic pocket in a highly stable variant of staphylococcal nu-
clease. In the crystal structure of the V23E/L36K variant the ionizable moi-
eties of Glu-23 and Lys-36 are very close to each other and surrounded by
hydrophobic matter save for two internal water molecules. NMR spectros-
copy confirmed that the V23E/L36K double variant is folded and stable
over a wide range of pH in solution. The pKa values of the internal Glu-
23 and Lys-36 in the single-site variants are 7.1 and 7.2, respectively. In
the V23E/L36K double variant the pKa values of both ionizable groups
are shifted back towards normal values, demonstrating that a stable ion
pair can exist in the hydrophobic interior of proteins. The experiments dem-
onstrate that structural adaptations are not required to accommodate the
charged, paired moieties. Continuum electrostatics calculations were unable
to self-consistently reproduce the dehydration and Coulomb energy experi-
enced by the charges in the ion pair using a single protein dielectric constant.
This illustrates a serious shortcoming of continuum electrostatic theory as ap-
plied to proteins.
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Effects of Macromolecular Crowding on Oligomeric Protein Unfolding:
Case Study with Human Co-Chaperonin Protein 10 (cpn10)
Ximena Aguilar, Pernilla Wittung-Stafshede.
In vivo, proteins fold and associate in highly crowded environments. Previou-
sexperiments on several monomeric proteins have shown that macromolecu-
lar crowding stabilizes towards heat perturbation and also can modulate
native-state structure. To assess the effects of macromolecular crowding on
unfolding of an oligomeric protein, where denaturation involves both unfold-
ing and dissociation, we here tested the effects of the synthetic crowding
agent Ficoll 70 on cpn10, a heptameric protein consisting of seven identical
b-barrel subunits assembling into a ring. The stability of the heptamer is
dominated by subunit-subunit interactions and the individual subunits have
low stability on their own. Using far-UV circular dichroism (CD), tyrosine
fluorescence and cross-linking experiments, we investigated thermal and
chemical stability without and with crowding agent. We find that cpn10 is
thermally stabilized by about 5C in 300 mg/ml Ficoll 70 as compared to
in buffer. Whereas there is a large effect of Ficoll 70 on the urea-induced
unfolding reaction (midpoint shifts by 2 M), a smaller effect is seen when
GuHCl is used as the chemical denaturant (midpoint shifts by 0.6 M). Kinetic
unfolding experiments show that the higher equilibrium stability found for
cpn10 in crowded conditions can be explained in part by slower unfolding
rates.
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Developing Solutes as Quantitative Probes of Protein and DNA Processes
Emily J. Guinn, Laurel M. Pegram, Michael W. Capp, Michelle Pollock,
Joanne Tsarouha, Dana Bellissimo, Xiaoyi Qu, M.T. Record.
To develop the use of urea, trifluoroethanol, KGlutamate, proline and other
biochemical solutes as probes of interface formation and large scale confor-
mational changes in protein and DNA processes, we are quantifying the ther-
modynamics of the competition between these solutes and water to interact
with different types of biopolymer surface (e.g. aliphatic and aromatic C, po-
lar and charged O and N). Model compounds displaying one or more of these
surface types are used to obtain this information. Interactions of solutes with
these model compounds are quantified from excess osmolalities (DOsm) from
vapor pressure osmometry (VPO) or from the solute’s effect on model pro-
cesses like solubility or micelle formation. These experiments yield chemical
potential derivatives (m23) which are dissected in an analysis based on water
accessible surface area (ASA) assuming additivity of interactions. From this
analysis we determine a set of interaction potentials (m23/RT(ASA)i) for the
interaction of a solute with a unit area of each significant type of biopolymer
surface (i). These solute interaction potentials are interpreted using the solute
partitioning model (SPM) to obtain Kp, the partition function describing the
distribution of the solute between local (hydration) water and bulk water. Ef-
fects of these solutes on protein folding, DNA helix formation or other bio-
polymer processes (m-values = Dm23) are interpreted or predicted using this
quantitative information together with structural information about the
change in amount of each type (i) of water accessible biopolymer DASAi
in the process. Also, the large effects of urea , KGlutamate, trifluoroethanol
and glycine betaine on the rate constant for dissociation of RNA polymerase-
promoter DNA open complexes are interpreted in terms of folding and as-
sembly of a jaw/clamp on downstream duplex DNA after opening of the ini-
tiation bubble in open complex formation.
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